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Abstract 27 
Extra-genital congenital anomalies are often present in cases of hypospadias but it is unclear whether 28 
they have an association with the outcome of hypospadias surgery. The aim of this study was to review 29 
all hypospadias cases that had surgery between 2009 and 2015 at a single centre and identify clinical 30 
determinants of surgical outcome. An extra-genital congenital anomaly was reported in 139 (22%) 31 
boys and 62 (10%) had more than one anomaly. Of the 626 boys, 54 (9%), including 44 with proximal 32 
hypospadias had endocrine as well as limited genetic evaluation. Of these, 10 (19%) had biochemical 33 
evidence of hypogonadism and 5 (9%) had a molecular genetic abnormality. At least one complication 34 
was reported in 167 (27%) of patients with 20% of complications occurring after 2 years of surgery; 35 
fistula was the most frequent complication. The severity of hypospadias and existence of other 36 
anomalies were clinical factors that were independently associated with an increased risk of 37 
complications (p<0.001). In conclusion, complications following surgery are more likely in those cases 38 
that are proximal or who have additional extra-genital anomalies. To understand the biological basis 39 
to these complications, there is a greater need to understand the aetiology of such cases.  40 
 41 
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 49 
 50 
 51 
Introduction 52 
 3 
Hypospadias is a common congenital anomaly affecting approximately 1 in 300 male births (Ahmed et 53 
al., 2004) and its underlying aetiology may be multifactorial [Bouty et al., 2015]. Several congenital 54 
conditions that are associated with a disorder of sex development (DSD) including a disorder of 55 
gonadal development, disorder of androgen synthesis or a disorder of androgen action can be 56 
associated with hypospadias [Ahmed et al., 2016]. Over 20% of boys with hypospadias are also known 57 
to have other extra-genital congenital conditions [Ahmed et al., 2004; Cox et al., 2014; Lu et al., 2017]. 58 
In addition to pinpointing the underlying genetic diagnosis [Bashamboo et al., 2017], a thorough 59 
knowledge of these associated conditions in the individual patient may also facilitate better care. 60 
Although several advances have been achieved in the surgical management of hypospadias, early and 61 
late complications may be encountered in approximately a quarter of cases [Spinoit et al., 2013]. 62 
Several studies report an association of these complications with factors such as the length of follow-63 
up following the operation, severity of hypospadias, age at surgical repair, surgical technique, and pre-64 
conditioning with sex steroids [Lee et al., 2013; Snodgrass et al.,2014]. More recently, it has also been 65 
reported that the outcome may also be influenced by the underlying genetic condition with a higher 66 
likelihood of multiple hypospadias surgery in those with genetically proven partial androgen 67 
insensitivity syndrome [Lucas-Herald et al., 2016]. However, the extent of investigations that are 68 
performed in boys to understand the underlying cause in hypospadias is very variable [Rodie et al., 69 
2011; Swartz et al., 2017] with some studies identifying the presence of extra-genital anomalies as a 70 
factor that influences the likelihood of undertaking investigations [Rodie et al., 2011]. An association 71 
between extra-genital congenital anomalies and complications following hypospadias surgery has 72 
been rarely studied [Lu et al., 2017]. 73 
 74 
Thus, the aim of the current study was to perform a review of cases of hypospadias that had 75 
undergone surgery at a single centre, and investigate the relationship of surgical complications to 76 
clinical factors including extra-genital anomalies.  77 
Patients and methods 78 
 4 
A retrospective review was conducted of the clinical records of all boys who had hypospadias surgery 79 
according to the theatre records at the Royal Hospital for Children, Glasgow, over a 7 year period from 80 
the start of 2009 and end of 2015. Cases where the first hypospadias surgery was performed at 81 
another hospital were not included. Clinical information that was collected included the presence of 82 
other genital anomalies (unilateral or bilateral undescended testis, bifid scrotum, and micropenis), 83 
extra-genital anomalies, results of endocrine and genetic evaluations, age at first hypospadias surgery, 84 
type of surgical technique and the timing and nature of complications requiring further surgery. 85 
Staged procedures were all regarded as one surgery. The hypospadias was classified according to the 86 
meatal opening documented at preoperative assessment. In case of a discrepancy in the description 87 
between the preoperative and intraoperative assessment, the latter was used for this study. In this 88 
study, hypospadias was categorised as 'distal' if the meatal opening was at the glanular, coronal, or 89 
subcoronal and 'proximal' if the opening was penoscrotal, scrotal, or perineal. All other forms of 90 
hypospadias with the meatal opening on the shaft of the penis were categorised as 'middle'. External 91 
masculinization score (EMS) was calculated as described (Ahmed et al., 2000) to objectively document 92 
the degree of masculinization of the genitalia.  93 
 94 
The data were analysed using SPSS, version 21.00 (IBM, NY, US). Continuous data were described as 95 
medians (2.5th and 97.5th centile). The association between categorical data was assessed using 96 
Pearson’s chi-square tests. Mann–Whitney U and Kruskal–Wallis tests were used for comparing 97 
continuous variables in paired and multiple, unpaired samples, respectively. Logistic regression 98 
analysis was used to test the association between post-surgical complications and type of 99 
hypospadias, presence of genital and extra-genital anomalies, age at the surgical repair, and the type 100 
of procedure. A probability (p) value of less than 0.05 was considered statistically significant.  The 101 
study was classed as an evaluation of routine health care and did not require ethical approval. 102 
 103 
Results 104 
 5 
Genital & Extra-Genital Anomalies 105 
Of the 748 boys who were recorded as having first hypospadias surgery over the study period, 122 106 
were excluded as they were duplicated in the list, incomplete or incorrectly categorised as 107 
hypospadias. Of the remaining 626 cases hypospadias was reported as distal, middle, proximal and 108 
unknown in 422 (67%), 108 (17%), 80 (13%) and 16 (3%) of the boys, respectively (Table 1); 73 (12%) 109 
had at least one other genital anomaly and 139 (22%) had at least one extra-genital anomaly. Of the 110 
80 cases with proximal hypospadias, 35 (44%) had an extra-genital anomaly, compared to 100 (19%) 111 
in the 530 cases of distal and middle hypospadias (p<0.001, odds ratio [OR] =3.60 [95% CI: 2.17 - 5.98] 112 
compared to 1.39 [95 % CI: 0.83 - 2.32]) for middle hypospadias. Of the 139 boys, 62 (45%) had more 113 
than one extra-genital anomaly. Of the 139 boys with an extra-genital anomaly, 55 (40%) were small 114 
for gestational age (SGA). Other commonly affected organ systems included central nervous system 115 
(CNS) in 31 (22%), urinary tract in 26 (19%), cardiovascular system (CVS) in 24 (17%), and craniofacial 116 
anomalies in 22 (16%) boys (Fig.1).  117 
 118 
Endocrine & Genetic Evaluation 119 
Of the 626 boys, comprehensive endocrine and a limited genetic evaluation had been conducted in 120 
54 (9%) of which 10 (19%) had an abnormality pointing toward a disorder of gonadal developmental, 121 
androgen synthesis disorders or other in 5, 3 and 2 boys, respectively. In 5 of these 10 boys, a genetic 122 
diagnosis of 5 α reductase type 2 (5ARD2) deficiency was confirmed in two, sex chromosome 123 
mosaicism in one, steroidogenic factor 1 (SF1) deficiency in one, and 17 β hydroxysteroid 124 
dehydrogenase type 3 (17 βHSD 3) in one. There was a significant difference in terms of EMS, where 125 
the cases with abnormal evaluations tend to have lower EMS value compared to the other group with 126 
normal evaluation; however, type of hypospadias, presence of extra-genital anomaly and the median 127 
age of the first surgical repair did not show any significant difference (Table 2). 128 
 129 
First Hypospadias Surgery 130 
 6 
The median age at the time of the surgery was 19.6 months (2.5th and 97.5th, 10.9, 95.6). Boys with 131 
proximal hypospadias had surgery at a median age of 22.6 months (12.3, 95.6) which was at an older 132 
age compared to boys with middle hypospadias who had a median age of 17.8 months (10.7, 97.5) 133 
(p=0.001) and distal hypospadias with a median age of 19.3 months (10.9, 108.2) (p=0.013). Of the 134 
626 boys, 563 (90%) had a single stage approach; the remaining 63 (10%), had 2 or more staged 135 
procedure and which was more frequently performed in the boys with proximal hypospadias (Table 136 
1). 137 
 138 
Complications 139 
Of the 626 boys, 167 (27%) had at least one complication which required further surgical intervention. 140 
These 167 boys had a total of 220 complications and these included urethral fistula in 78 cases (47%), 141 
tight or excess foreskin in 42 (25%), wound dehiscence in 37 (22%), urethral or meatal stricture in 34 142 
(20%), urinary tract infection in 23 (14%), and urethral diverticulum in 6 (4%). The median time taken 143 
for the presentation of the first complication was 9 months (0.2, 66.3) after the first hypospadias 144 
surgery. There was no significant difference in the timing of the presentation of the complication 145 
between each type of hypospadias (p=0.407). Although 64 (38 %) of the complications presented 146 
within the first 6 months after the first operation, and 132 (80%) within 2 years from the first repair, 147 
a substantial number were first manifested after 2 years.  148 
 149 
Association of Complications to Clinical Variables 150 
Of the 167 boys with complications, proximal, middle and distal meatal opening was reported in 43 151 
(54%), 45 (42%) and 71(17%) cases, respectively. The likelihood of complications was significantly 152 
greater for the middle and proximal categories compared to distal (p<0.001, OR=3.6 [95% CI: 1.41 -153 
3.77], 5.4 [95% CI: 3.57 - 8.88], respectively). In the proximal hypospadias cases, presence of extra-154 
genital anomalies was another independent factor that was significantly associated with the 155 
occurrence of complications (p=0.002) (Table 3). There were five cases of proximal hypospadias in 156 
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whom SGA was the sole extra-genital anomaly and despite excluding these cases, the association 157 
between extra-genital anomalies and complications persisted (p=0.012) . Presence of other genital 158 
anomalies, endocrine abnormalities, age at surgical repair and surgical procedure used did not show 159 
any significant association (Table 3). A trend towards a reduction in complication rates in different 160 
calendar year was also evident (p=0.015), which coincided with a relatively similar pattern in the 161 
percentage of cases with extra-genital anomalies (Fig. 2). The percentage of cases of proximal 162 
hypospadias stayed similar in each year's cohort (Fig.2). 163 
 164 
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Discussion 182 
 8 
Whilst the prevalence of extra-genital anomalies in hypospadias has been previously reported to range 183 
from 12% to 46% [Schneuer et al., 2015; Fernandez et al., 2016; Lu et al., 2017], the prevalence rate 184 
of 22% reported in this study is similar to that in other large cohort studies where information on 185 
associated congenital anomalies was systematically collected [Ahmed et al., 2004; Cox et al., 2014; 186 
Nixon et al., 2017]. The pattern of extra-genital anomalies that were encountered in this cohort was 187 
also similar to that reported before with a disorder of intrauterine growth manifested as being small 188 
for gestational age [Ahmed et al. 2004; Nordenvall et al., 2014; Poyrazoglu et al., 2017]. It is well known 189 
that extra-genital anomalies are more likely to be present in those boys who have proximal 190 
hypospadias (Nissen et al, 2015) but the current study shows that the additional presence of extra-191 
genital anomalies in cases of proximal hypospadias is associated with a higher risk of complication.   it 192 
is useful to note that the cohort of cases of hypospadias that were studied had a similar proportion of 193 
cases of proximal hypospadias to that reported previously [Spinoit et al., 2013].  194 
 195 
It is clear from the current study as well as previous reports [Spinoit et al., 2013; Snodgrass et al., 2014; 196 
Schneuer et al., 2015] that the occurrence of overall complications depends on the length of follow-197 
up of the patient. In the current cohort, approximately, a fifth of the complications presented two 198 
years after the surgery thus emphasizing the need for prolonged follow-up. The complications were 199 
also more likely in those who had proximal hypospadias and/or extra-genital anomalies. Proximal 200 
hypospadias is more likely to be associated with a reduced anogenital distance, a marker of prenatal 201 
androgen exposure [Cox et al., 2017] and given that conditions associated with a defect in the 202 
androgen receptor (AR) are more likely to be associated with multiple hypospadias surgery [Lucas-203 
Herald et al., 2016], it is plausible that the increased rate of complications in cases of proximal 204 
hypospadias may be partly related to the effect that reduced androgen exposure may exert during 205 
critical periods of prenatal development. In cases of hypospadias, extra-genital anomalies may also be 206 
part of a constellation that points towards a specific genetic aetiology [Van der Zanden et al., 2012; 207 
Bouty et al., 2015]. For instance, cases of XY DSD with normal gonadal function that are small for 208 
 9 
gestational age are less likely to have a mutation in the AR gene (Poyrazoglu et al, 2017). In the current 209 
study, 19% of the boys evaluated had abnormal endocrine results, which is comparable to the results 210 
of another systematic evaluation of XY DSD, in which the prevalence of endocrine abnormality was 211 
23% [Nixon et al., 2017]. In the current cohort, an underlying genetic condition was rarely explored 212 
but with the increasing trend towards investigating the genetic diagnosis [Alhomaidan et al., 2017] as 213 
well as any associated endocrinopathy, the link between genetic conditions and complications will 214 
become clearer over the next decade. However, this form of analysis will require systematic studies 215 
of even larger cohorts through platforms such as the I-DSD Registry [Kourime et al., 2017]. 216 
 217 
It was interesting to note that the rate of complications in the latter years was lower than those in the 218 
former years. Whilst it is possible that some of this difference may be due to a shorter period of follow-219 
up for the cases in the latter cohort, it is unlikely that this is the sole reason, given that 80% of 220 
complications usually present in the first two years after hypospadias surgery. The number and 221 
proportion of cases that had proximal hypospadias did not change over this period either. It is  possible 222 
that the lower rate of associated anomalies may also be due to a lower rate of detection or 223 
manifestation of such anomalies in these relatively new cases. The finding that the trend of 224 
complications coincided with the rate of extra-genital anomalies emphasises the need to collect these 225 
data when evaluating trends in complications.    226 
 227 
Whilst the strength of this study was that it was performed at a single centre, a limitation was that, in 228 
the absence of a standard proforma, it is possible that some complications and some genital and extra-229 
genital congenital anomalies were not recorded systematically. Given that cases of proximal 230 
hypospadias may undergo more thorough clinical evaluation, it is possible that congenital anomalies 231 
may be recorded more often in these cases. As a description of chordee, penile torque, and glans size 232 
were not recorded routinely, these were not included in the analysis. However, some of these 233 
features, such as chordee, are more likely to occur in those with proximal hypospadias (Stojanovic et 234 
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al, 2011). Although the relatively large sample size was helpful to address the original hypothesis and 235 
investigate the link between associated anomalies and complication rate, investigating a link with 236 
endocrine and genetic characteristics was not possible given the relatively low prevalence in the 237 
cohort studied. Nevertheless, there was a trend that needs further investigation in larger cohorts. 238 
Whilst it could be speculated that complications may occur in those with greater neurocognitive 239 
disability, the number of cases with CNS problems was low even though neurocognitive ability was 240 
not investigated systematically. This study has also not examined other factors such as the level of 241 
experience of the surgeon. Given that the main finding of this work is the association of complications 242 
with extra-genital anomalies, it is unclear whether there would be any association of the experience 243 
of the surgeon with the likelihood of them operating on a case with or without extra-genital anomalies.  244 
 245 
In summary, hypospadias, and especially proximal hypospadias, is a challenging surgical condition 246 
which may be associated with a complication in about a quarter of cases.  The greater likelihood of 247 
complications in those boys with extra-genital congenital anomalies suggests that the complications 248 
that are encountered may partly have a biological basis and this requires further study.  249 
 250 
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